




the Variant Optimal Design of
Linear Consecutive Systems
Malgorzata Marzena O'Reilly













1.I.4 Optimal design problem
L.2 Review of the existing research















t.2.2 Studies of consecutive-k-out-of-n systems
1'2.3 Results in the area of variant optimal designs
1.3 Overview of solutions suggested in this thesis
1.3.1 Systems wif'h 2k 1 n, 1 2k + I
L.3.2 Systems with2k +2 < n < 3le .
1.3.3 The (k * l)-component
2 SYSTEMS 'WITH 2le a n < 2k + |
2.L Introduction
2.2 Linear consecutive-k-ott-of-2k:F systems
2.3 Linear consecutive-k-out-of- (2k + 1):F systems
2.4 Procedures to improve designs not satisfying the necessa,ry
optimality conditions
3 SYSTEMS \MITH 2k+2<n33k
3.1 Introduction
3.2 Propositions for R and M
3.3 Preliminaries to the main Proposition





















3.6 Procedures to improve designs not satisfying the necessâry
optimality conditions
4 THE (/c + 1)-TH COMPONENT
4.1 Introduction
4.2 General result for n, > 2lç, Iç > 2
4.3 Results for n,:21ç + I, k > 2
4.4 Results for n : 2k +2, k > 2
4.5 Procedures to improve designs not satisfying the necessaxy
optimality conditions

















A linear consecutive-k-out-of-r¿:F system is an ordered sequence of r¿ com-
ponents that fails if and only if at least k consecutive components fail. A
linear consecutive-k-out-of-n,:G system is an ordered sequence of n compo-
nents that works if and only if at least k consecutive components work. This
thesis establishes several sets of conditioning relating to the variant optimal
design of such systems. A review of the existing research in the theory of
variant optimal design of linear consecutive-k-out-of-n systems is included.
It is established that nonsingularity of the design is a necessary condi-
tion for the optimal design of a linear consecutive-k-out-of-r¿:F system with
2lc 1n, ( 3k, tr > l. The significance of this result is illustrated by the fact
that designs satisfying it can be better than designs satisfiiing other known
necessary conditions. Procedures to improve designs not satisfying this con-
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dition are given. An equivalent necessary condition for the optimal design
of a linear consecutive-k-out-of-r¿:G system with 2k 1 n, 131c, k > 1 is also
given, as well as procedures to improve designs not satisfiiing it.
The existing necessary conditions for the optimal design of systems with
n ) 2k provide comparisons between reliabilities of components restricted to
positions from 1to k and positions from n to (n,-k+ 1). Necessary condi-
tions for the optimal design of systems with n ) 2k are given that involve
components at some other positions, including the (k + l)-th component.
Procedures to improve designs not satisfiiing those conditions are also given.
A binary search method to obtain real optimal solutions is constructed
for systems with n, e {2k+I,2lr+2}. A randomization method, based on all
necessary conditions developed in this thesis, is constructed for sub-optimal
solutions for systems with n ) Zlc.
This material is the content of the following papers (submitted for pub-
lication)
r "Variant optimal designs of linear consecutive-k-out-of-n Systems",
ul
o "Optimal design of consecutive-k-out-of-n systems", and
¡ "The (k+l)-th component of linear consecutive-k-out-of-n systems".
Signed Statement
This work contains no material which has been accepted for the award of
any other degree or diploma in any university or other tertiary institution
and, to the best of my knowledge and belief, contains no material previously
published or written by another person, except where due reference has been
made in the text.
I give consent to this copy of my thesis, when deposited in the University





I would like to express my appreciation for the heþ given to me in the course
of this research by my wonderful supervisor Associate Professor Charles
Pearce.
F\rrther, I would like to thank Dr Peter Gill for support in the adminis-
trative matters.
Thanks are also due to my friend Dr Jadranka Sunde for encoruagement
and advice she has given.
Many thanks for moral support from my husband. Luke O'Reilly.
v
